Every year, millions of Moslems throughout the world fast from sunrise till sunset daily during the month of Ramadan, that is, experience repeated cycles of fastingrefeeding. Studies in animal models have shown that repeated cycles of fasting-refeeding may cause or exacerbate hypertension. Changes in sleeping patterns as well as changes in medication timing may also influence ambulatory blood pressure. We undertook this study in order to examine the effect of the Ramadan fast on treated hypertensive subjects. Seventeen hypertensive subjects were examined, and 24-h blood pressure monitoring was carried out twice, before and during the last week of the Ramadan. All continued their medications, which were all once-daily preparations. Twenty-
Introduction
Every year, millions of Moslems throughout the world fast from sunrise till sunset daily during the month of Ramadan, that is, experience repeated cycles of fasting-refeeding. Naturally, this causes significant changes in the normal feeding, sleeping and behavioural patterns of the people practicing the fast. However, there have been only a few studies that examined the effect of the fast on basic homeostatic functions. [1] [2] [3] There have been several animal studies that have shown that hypertension can be caused or exacerbated by cycles of fasting and refeeding. [4] [5] [6] [7] Initially, during the fast, there is a reduction in blood pressure. This reduction was shown, in one study, to be related to the nutritional state as opposed to the actual weight. 8 Later, during the refeeding part of the cycle, hypertension was produced or exacerbated. Also changes in the sleeping patterns during the Ramadan may have an effect on blood pressure.
four hour mean blood pressure as well as average awake and average asleep blood pressure were compared. There was no difference between mean blood pressure before and during the Ramadan (138. 5 For instance, some people get up before sunrise for the first meal, and then sleep again before rising for the day. Others who normally do not nap during the day may do so during Ramadan because of the changes in the after-dusk social activities and the early rising in the morning. We have shown before that the siesta has an effect on blood pressure, comparable to that of the night's sleep. 9, 10 Other effects that may alter blood pressure during Ramadan include changes in medication timing and possibly salt intake. However, the influence of the fast on blood pressure in hypertensive subjects is a problem that has rarely been addressed. 1, 2 We therefore undertook this study in order to examine the effect of the Ramadan fast on blood pressure in treated hypertensive subjects.
Materials and methods
Known, reliable and compliant patients were contacted, and asked to volunteer to take part in our trial. After explaining the purpose and methods of our study, they gave their informed consent to participate in the Ramadan study. We studied 17 hypertensive subjects (2 women, 15 men, mean age 56.6 Ϯ 6.9 years). All were treated with once-daily medi-cations and continued their medications during Ramadan. Treatment regimens included long-acting preparations of verapamil, nifedipine, atenolol, hydrochlorothiazide or an ACE inhibitor (12 patients) or a combination of some of these (five patients). During Ramadan, medications were taken before sunrise. Twenty-four hour blood pressure monitoring was done using the Accutracker II (Suntech, Raleigh, NC, USA). The patients underwent 24-h ambulatory blood pressure monitoring twice, before and during the last week of the Ramadan. Both monitoring sessions were started at approximately the same time in the morning (within a 2-h interval). The monitor was mounted on the non-dominant arm and removed after 24 h. Calibration was checked using a Y-adaptor and was verified to be in close agreement (Ͻ5 mm Hg) with ausculatory findings against a mercury sphygmomanometer. Blood pressure was measured three times per hour between 6.00 am and 11.00 pm, and twice per hour between 11.00 pm and 6.00 am. Subjects were instructed to immobilise their arm during cuff inflation. The patients kept a diary of daily activities, specifying every sleep period during the day and every awake period and mealtime during the night. Weight was measured on both 24-h monitoring sessions.
Statistical analysis was done with the paired Student's t-test using the Crunch Statistical Package, 4th version (Crunch Software, Oakland, CA, USA).
Results
There was a significant change in the sleeping pattern of people during Ramadan. On average, people woke up earlier in the morning during the month of Ramadan as compared to the period before (4.15 am vs 5.49 am respectively). Many (65%) returned to sleep later, after eating breakfast and taking morning medications. Also as opposed to the period before, four people had an afternoon nap during the Ramadan. Average awake ambulatory blood pressure was calculated using measurements taken during all awake periods (including night time awake blood pressure), and average asleep blood pressure was calculated using measurements from all sleeping periods, including daytime nap. Average 24-h ambulatory blood pressure, as well as average awake and average asleep ambulatory blood pressure was similar before Ramadan and during the last week of Ramadan, as summarised in Table 1 . Systolic load was calculated as the percent of readings with systolic blood pressure over 140 mm Hg during daytime and over 120 mm Hg during sleep, and diastolic load as percent of readings with diastolic blood pressure over 90 mm Hg during daytime and over 80 mm Hg during sleep. Twenty-four hour blood pressure load, awake and asleep blood pressure loads were found to be similar before and during Ramadan (Table 2) . Weight was reduced by 1.4 Ϯ 1.6 kg, P Ͻ 0.002. 
Systolic load, % readings with systolic blood pressure Ͼ140 mm Hg; Diastolic load, % readings with diastolic blood pressure Ͼ90 mm Hg.
Discussion
We found that blood pressure in treated hypertensive subjects does not change significantly during the Ramadan fast in patients who continue their daily medications. This held true for average 24-h blood pressure, mean awake and mean asleep blood pressure. Blood pressure load also did not change before and during Ramadan. However, we did find that average body weight changed during the Ramadan month. On average, weight was reduced by 1.4 kg, although some people actually gained weight while others lost some. This supports the assumption that during the month of Ramadan, there was a significant change in people's behaviour.
In an early pioneering study of daytime ambulatory blood pressure monitoring, with self activated, semiautomatic heavy instruments, a decrease in average daytime blood pressure on two successive recordings carried out a day apart was observed. 11 However, with more up-to-date, fully automated devices, the reproducibility of ambulatory blood pressure has been shown to be better than for office blood pressure, when performing two recordings several weeks apart. 12, 13 In the HARVEST study, 12 a statistically significant decrease of 1 mm Hg or less in average 24-h blood pressure was observed between two recordings done 3 months apart. The authors concluded that the minor differences in the ambulatory blood pressure readings that were observed were related to changes in body weight and patient reaction to medical environment. In another study 13 average 24-h blood pressure did not change during a period of 1 and even 2 months of placebo treatment. Reproducibility of ambulatory blood pressure monitoring was also demonstrated by lack of placebo effect on ambulatory blood pressure. 14, 15 The Ramadan may have several effects on basic homeostatic functions. During the month of Ramadan, people actually experience repeated cycles of fasting and refeeding. Such cycles have been related to hypertension in animal models. [4] [5] [6] [7] In addition there is a significant change in the daily patterns of behaviour. People may wake up before sunrise for the first meal, return to sleep, fast for the rest of the day, and some add an afternoon nap during this month. These behavioural changes might cause alterations in blood pressure. As shown they did not. According to our findings, treated hypertensive patients may be assured that, with continuation of previous medications, traditional fasting during the month of Ramadan can be safely undertaken.
